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served by the base station is described. A terminal (UE) has a memory for 
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(57) A method for the handover of a terminal In a 
cellular communication system with base stations for 
providing connections to temriinals in at least one cell 
(C) served by the base station is described. A tenninal 
(UE) has a memory for identifying a measurement set 
of cells and measures quantities of the cells (C) identi- 
fied In the measurement set. The decision (46, 72) of a 
handover of a terminal (UE) to a further connection is 



executed according to the measurement quantities. A 
classification (22, 62) is perfonmed whether the execu- 
tion of a handover is urgent. The number of cells (C) 
identified in the measurement set is reduced to a defined 
number if the handover is classified as urgent and the 
number of cells (C) identified is larger than the defined 
number. Devices and programs perfomning the method 
are also described. 
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Description 

Technical field of the Invention 

[0001] The present invention relates to a method ac- 
cording to the preamble of claim 1. Devices and pro- 
grams for use in a handover procedure are also de- 
scribed. 

Background 

[0002] In a mobile communication system, base sta- 
tions provide wireless connections to terminals like mo- 
bile phones, laptops or personal digital assistants 
(PDA). A base station serves one or several limited ar- 
eas denoted as cells. In a frequently used configuration, 
several sector shaped cells are sen/ed by a single base 
station. The areas of different cells can overlap, espe- 
cially near the cell boundaries or if hierarchical cell struc- 
tures are used. Cells can also cover the same area, e. 
g. to allow connections in different frequency bands to 
the same base station. 

[0003] Due to the limited coverage of the cells, the 
handover of a temriinal from an existing connection to a 
further connection is often necessary to maintain a con- 
nection with the communication system if a temninal is 
moving. A handover can also be preferable to improve 
the perfonnance of the system, for example if specific 
parameters are requested for a connection or if a cell is 
congested. The execution of a handover procedure is 
described e.g. in Technical Specification TS 25.331 
(V3.0.0) of the 3«* Generation Partnership Project 
(3GPP). The handover can be perfomned to a further 
connection with a different base station or in a different 
cell of the same base station (channel rate switching). 
Existing connections can either be maintained in a soft 
or softer handover, the latter denoting a handover be- 
tween different cells of a single base station, or connec- 
tions can be canceled during the handover procedure. 
Those ceils in which a temriinal has a connection are 
denoted as the active set of cells for the temninal. 
[0004] To prepare the decision for the handover to a 
further connection, the temninal has a measurement unit 
which measures quantities indicating the quality of cells 
in which present connections exist and the quality of 
neighboring cells. The reception level or the reception 
quality on a channel of the monitored cells are often 
measured for this purpose, e.g. the bit en-or rate which 
can be calculated from check sums sent with the sig- 
nals. Generally, the results of the measurements are 
transmitted to a node in the system which decides 
whether a handover is performed and which initiates it 
according to the results in a so-called mobile assisted 
handover (MAHO). 

[0005] For every cell, at least one radio channel or fre- 
quency is specified over which signals are sent which 
allow to evaluate the quality. Different channels con-e- 
spond to different frequency bands and/or timeslots 



and/or can be separated by a code assigned to the 
channel. The corresponding transmission techniques 
are known as frequency (FDMA), time (TDMA) and code 
division multiple access (CDMA), respectively. In many 
5 cases, a combination of access schemes is used, e.g. 
channels in GSM (Global System for Mobile communi- 
cation) systems are generally selected timeslots In a 
specified frequency band. Measurements can be per- 
fonmed regularly or on demand from the system. Quan- 
10 titles of a single channel or a group of channels can be 
measured for a cell. For example, the Primary Common 
Pilot Channel (P CPICH) according to UMTS (Universal 
Mobile Telecommunication System) specifications can 
be monitored in the measurements or the channels on 
15 the beacon frequency according to GSM specifications 
which comprise the frequency con-ection channel 
(FCCH) and the Synchronization Channel (SCH). 
[0006] To simplify the measurements, the terminal is 
provided from the system with a list of suitable cells 
20 which shall be monitored in the measurements. The ter- 
minal has a memory for identifying a selection of cells 
on which measurements are perfonned and in which the 
cells from the list are stored. The selected cells are de- 
noted as the measurement set of the terminal. 
25 [0007] While measurements in a TDMA system like 
GSM can be performed in idle timeslots, data transmis- 
sion in CDMA systems, e.g. on a speech connection, is 
generally continuous In the time domain . To provide time 
for perfonning measurements in other frequency bands 
30 or systems, temninals in a CDMA system can enter a 
compressed mode in which the data rate Is decreased 
by puncturing or by decreasing the spreading factor of 
the signals in the channel coding as described in appli- 
cations WO 97/40592 and WO 97/40593. By keeping 
35 the transmission rate constant, idle times for the meas- 
urements are provided In this way. For discontinuous 
traffic, idle times can alternatively be provided by higher 
layer scheduling wherein the transmission of data pack- 
ets is delayed for the measurement period. 
40 [0008] When channels distinguished by different 
channel codes are sent on the same frequency band, 
measurements of their quantities can in principle be per- 
formed simultaneously with the receiver of the terminal 
tuned the corresponding band. The number of channels 
45 which can be monitored in this way is, however, limited 
by the capabilities of the hardware in the tenninal. If an 
intersystem handover or a handover to a different fre- 
quency band is required, measurements generally have 
to be perfonned time-multiplexed, i.e. consecutively, un- 
50 less the terminal is provided with more than one receiv- 
er. During these intervals, other channels, e.g. on a dif- 
ferent frequency, cannot be monitored. 
[0009] Often, an intersystem handover or a handover 
to a different frequency band has to be perfomned in a 
55 comparatively short period of time because this type of 
handover is necessary at the boundaries of coverage 
and the connection will be lost if no new suitable cell for 
the handover is identified in time. Generally, a terminal 
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performs measurements on other frequencies or on oth- 
er systems for predetermined intervals which are spec- 
ified by commands from a control node in the commu- 
nication system. If the measurement set of cells moni- 
tored by a tenninal is big, the potential error of the meas- 
ured quantities is increased due to short measurement 
Inten^als for the single cells. Correspondingly, the risk is 
high that cells suitable for a handover are not identified 
properly. The evaluation of the measurement results 
and the decision to perform a handover gets increasing- 
ly complex and time consuming with the number of cells 
considered. Temriinals with more than one receiver to 
provide more time for measurements are expensive. 

Summary of the invention 

[0010] It Is an object of the present Invention to obvi- 
ate these disadvantages and improve handover deci- 
sions in a mobile communication system. It Is a further 
object to provide reliable measured quantities for the de- 
cision of a handover in a limited time. It is still another 
object to provide embodiments of the invention which 
can be implemented In a simple manner. 
[0011] According to the invention, the method de- 
scribed in the characterizing part of claim 1 is performed. 
Furthermore, the invention is embodied in devices and 
programs as described in the clainris 11 , 16 and 26. Pref- 
erable embodiments are described in the dependent 
claims. 

[0012] When measurements are initiated as a basis 
for the decision to which cell a handover is to be per- 
fonned. the urgency of the handover decision Is classi- 
fied In the proposed method. A handover decision is 
preferably classified as urgent if it may be necessary to 
execute a handover faster than between cells of the 
same specification. If this time limit Is exceeded, the 
probability that a connection will be lost during the 
handover procedure increases. Because generally sev- 
eral target cells for the handover are possible at the time 
of the classification, a handover decision is preferably 
classified as urgent if any urgent handover procedure is 
possible for the temiinal from the cell or cells in which It 
is presently connected. For example, if the temiinal has 
connections in a cell at the border of an area which is 
covered by a UMTS Terrestrial Radio Access Network 
(UTRAN) and a handover procedure to an adjacent 
GSM cell is possible, all measurements perfomned by 
terminals in this cell can be classified as urgent. 
[0013] Although a defined time limit can be used to 
classify a handover as urgent, this approach Is unsuita- 
ble in many cases as it requires a high computing effort. 
Altematively, the classification can for example be per- 
formed according to parameters in a command from the 
system to the terminal to perform measurements for the 
handover preparation. Measurements of the terminal, 
parameters stored in control nodes of the system for dif- 
ferent types of handover procedures or for different base 
transceiver stations or any combinations of such param- 



eters and measurements can also be used for the clas- 
sification. 

[0014] In case of a handover classified as urgent, 
measurements are performed only on a defined number 
5 of cells. It is possible to define different numbers of cells 
for different cases of urgent handover decisions. For ex- 
ample, a higher number of cells can be kept in the meas- 
urement set if channels evaluated for different cells are 
broadcast in the same frequency band and measure- 
10 ments on them can be performed simultaneously. If the 
number of cells in the measurement set of the tenninal 
is largerthan the defined number, the number evaluated 
is reduced to the defined number of cells. Else the 
number of cells in the measurement set can remain cen- 
ts stant. It is possible to delete the cells which are not eval- 
uated in the measurements from the memory of the ter- 
minal or to set an indicator that specific cells belong to 
or are excluded from the measurement set for an urgent 
handover. 

20 [001 5] Different steps of the method can be executed 
in different devices. Because the method limits the 
number of cells in the measurement set for an urgent 
handover, the measurement time for a cell in the set can 
be increased if the total measurement time remainscon- 
25 stant. With a specified measurement time in a frequency 
band, the quality of parallel measurements In this band 
can be improved by reducing the number of simultane- 
ously evaluated cells. Correspondingly, the measure- 
ments can be performed with higher reliability and influ- 
30 ences of short temn fluctuations are reduced. 

[0016] The proposed method allows faster and more 
reliable measurements, in particular for handover deci- 
sions which have to be perfonned in a short interval of 
time. An example for this case is a handover within a 
35 communication system in which cells are considered for 
which measurements have to be executed In different 
frequency bands. The method Is especially suited for an 
inter-frequency that the same system as an inter system 
handover between two communication systems accord- 
40 ing to different specifications, e.g. different specifica- 
tions from the group GSM, PDC (Pacific Digital Cellular), 
TAGS (Total Access Communication System), D-AMPS 
(Digital Advanced Mobile Phone System) and UTRAN. 
Due to the smaller measurement set. the communica- 
45 tion system can reduce the measurement time specified 
in measurement commands to temriinals and thus ac- 
celerate handover decisions. With smaller or without re- 
ductions in the measurement time, the reliability of the 
measurement results is significantly improved. The 
50 method is preferable for terminals with a single receiver 
which can perfomn measurements only on one frequen- 
cy band at a time. Due to the improvements in the meas- 
urement reliability it is, however, also suitable for temrii- 
nals with two or more receivers. The smaller number of 
55 measurements and transmitted results allows for a low- 
er energy consumption of the temiinal, in particular if the 
energy consuming switching of reception bands in a re- 
ceiver of the terminal is reduced. 
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[0017] In a preferred embodinnent of the method, the 
classification includes a check whether cells evaluated 
In the measurements correspond to at least two different 
specifications or frequency bands. For most cases, this 
Is a simple and suitable precondition for the classifica- 
tion of a handover as urgent because it indicates that 
the temnlnal is located near a boundary of the coverage 
area of a communication system and the connection can 
be lost if a handover is not perfonned sufficiently fast. 
The infomnation whether the evaluated cells correspond 
to different specifications or frequency bands can be de- 
rived for example in a simple way from a command sent 
to the temnlnal for specifying the cells for the measure- 
ments. 

[GDI 8] Generally, a controlling node in the system, e. 
g. an RNC (Radio Network Controller) or a BSC (Base 
Station Controller), sends commands to the terminal to 
perform measurements for the preparation of a hando- 
ver. Preferably, the classification of a handover is per- 
fonned according to parameters in the command. For 
example in GSM and UMTS systems, different numbers 
of time slots per frame and different numbers of frames 
per time interval which are dedicated to measurements 
can be specified by a measurement type identifier. In a 
preferred embodiment of the method, an Identifier or a 
group of identifiers is specified for which a handover de- 
cision is classified as urgent. It is possible that those 
identifiers for which the time share dedicated to meas- 
urements is above a defined threshold correspond to ur- 
gent measurements. Alternatively, one or more identifi- 
ers can be reserved to indicate an urgent handover and, 
optionally, different kinds of urgent handovers. Prefera- 
bly, the device performing the classification can access 
a table specifying identifiers relating to an urgent hando- 
ver. 

[0019] In an exemplary embodiment of the method, a 
control node in the communication system selects cells 
in the measurement set. The selection Is then transmit- 
ted to the terminal and stored in its memory. In this way, 
the operator can specify cells which are considered im- 
portant for the handover decision, e.g. because the 
quality of a cell is frequently underestimated due to spe- 
cial geographical conditions or users often move in a 
prefen-ed direction like along a highway or a railway line. 
The selection can be limited to one or few cells in the 
measurement set. It is also possible that the system 
specifies the number of cells in the measurement set. 
[0020] In an advantageous method, cells in the meas- 
urement set are selected by a processing unit in the ter- 
minal. For example, a measurement set can be selected 
whfeh comprises the defined number of cells with the 
best quality received by the tenninal. Another suitable 
selection are the cells in the active set of the temnlnal in 
addition to cells of a different specification or frequency 
band having the best quality. It is possible that the ter- 
minal selects cells in addition to cells selected by the 
system or according to a defined number of cells spec- 
ified by the system. 



[0021 ] In many present communication systems, e.g. 
those according to GSM or UMTS specifications, meas- 
urement commands from control nodes to the terminal 
specify both a frequency band for measurements and 
5 the time for measurements in this band. For a frequency 
band in which the terminal presently has connections, 
a measurement time is not specified. It is proposed that 
especially temiinals for such systems select only those 
cells in the measurement set for which measurements 
10 are perfomned in a frequency band in which the temnlnal 
presently has connections, i.e. a temninal can remove 
only cells from the measurement set in a current fre- 
quency band of its receiver. Measurements on otherfre- 
quency bands are perfonned as specified in the meas- 
15 urement command. In this way, ambiguities between 
commands from control nodes and decisions of the ter- 
minal are avoided, especially if both temninals are 
present which reduce the measurement set for an ur- 
gent handover and terminals which do not classify 
20 whether a handover is urgent. 

[0022] Often, measurements of the terminal provide 
an insufficient estimation of cells being preferable for a 
handover. It is, therefore, proposed that a terminal is 
provided with parameters for an adjustment of meas- 
es ured quantities. For example, a control node in the sys- 
tem can determine cells or have a list of cells which are 
preferable or unfavorable for measurements and trans- 
mit corresponding parameters for the adjustment to the 
terminal. In this way, an operator can Influence connec- 
30 tions of a temninal, e.g. to improve the load sharing be- 
tween different cells or frequency bands. Empirical re- 
suits from measurements of the operator or special 
transmission conditions due to umbrella cells or topo- 
logical facts such as street corners can be considered. 
35 The adjustment parameters can also depend on the po- 
sition of a temninal within a cell if the position is deter- 
mined by the communication system. A suitable adjust- 
ment parameter is a positive or negative offset which is 
added by a processing unit in the terminal to a measured 
40 quantity for a cell. It should be noted that customary ter- 
minals evaluate measurement results on a logarithmic 
scale, i.e. the addition of an offset generally con-esponds 
to the adjustment of the measured quality by a factor. 
Alternative to an offset, an identifier for important or un- 
45 important cells can be used as adjustment parameter. 
[0023] A terminal In a CDMA system often perfomis 
measurements in compressed mode wherein transmis- 
sions are suspended for an interval of time by reducing 
the spreading factor on a connection. The compressed 
50 mode has the disadvantages that the transmission qual- 
ity of user data is reduced and the transmission energy 
is often increased to compensate for quality losses. In 
a tenninal with a layered protocol stack, the transmis- 
sion of user data on a speech or data connection can 
55 be suspended for the measurement time by delaying da- 
ta packets on a higher layer of the protocol stack. The 
latter method is denoted as higher layer scheduling. Due 
to the necessary buffering of data, higher layer sched- 
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uling Is also disadvantageous. The duration of any op- 
erational mode with suspended data transmission is 
preferably minimized. Entering a mode with suspended 
data transmission is necessary for a CDMA temninal 
with a single receiver to perform inter frequency and in- 
ter system measurements. It Is for these reasons pro- 
posed that the classification of the urgency of a hando- 
ver is performed upon entering a mode with suspended 
data transmission. Parameters in a control command to 
enter the respective mode can be used to classify the 
urgency. 

[0024] The time necessary to perfomn a handover de- 
cision depends on the load of the processor evaluating 
measured results. If the processor Is highly loaded with 
other tasks, the percentage of processing time attribut- 
ed to the evaluations is low and the evaluation time in- 
creased for this reason. A handover duration which is 
sufficiently short for a low processor load can increase 
beyond an acceptable limit if the load is high. In an ad- 
vantageous method, the load in at least one processing 
unit evaluating measured quantities is therefore deter- 
mined and the defined number of cells in the measure- 
ment set Is chosen according to the load. 
[0025] Especially, the load of a central processing unit 
of the terminal has to be considered, if more than one 
processor is used In the evaluation, e.g. if a processor 
in the terminal processes the measurements and a 
processing unit in a system node evaluates the results 
in the decision of a handover, the loads of more than 
one processor can be considered. 
[0026] A control device according to the invention for 
a mobile communication system has at least one inter- 
face for connection to mobile temiinals. It is possible that 
the control device has more than one interface, e.g. ac- 
cording to different connection specifications. Connec- 
tions over the interface can be perfonned using other 
devices in the communication system. If the control de- 
vice is for example a switching node like an MSG, mes- 
sages between the Interface and a terminal can be re- 
layed over an access network of the system. Preferably, 
the control device is a controller of a base station, for 
example a base station controller in a GSM network or 
a radio network controller in a UTRAN network. A base 
station Is also a suitable control device. 
[0027] A processing unit of the control device can in- 
itiate the handover of a temninal from a first connection 
to a further connection. The execution of the handover 
can be performed by the same or further control devices 
in the system. It is possible to maintain the first connec- 
tion afterthe handover procedure. Commands to control 
measurements by the mobile temninal are sent from the 
processing unit over one of the interfaces and results of 
said measurements are received over an interface, gen- 
erally over the same interface. The processing unit ini- 
tiates the handover according to the measurement re- 
sults. 

[0028] The processing unit has means to perform a 
classification of the urgency of a handover. Preferably, 



the classification is perfomned after the control devtee 
performs a decision that the terminal suspends trans- 
missions to provide Intervals for measurements. If the 
control device perfomns both the classification and the 
5 decision to suspend transmissions, the classification 
can be transmitted to the terminal with the command to 
enter a mode with suspended transmission, e.g. the 
compressed mode. 

[0029] According to said classification, the processing 

10 unit selects the number of measurements. In a simple 
embodiment, the number of measurements is limited to 
a defined number in case of an urgent handover and not 
Influenced by the control device else. To transmit the se- 
lected number to the terminal, the processing unit has 

15 means for setting a parameter specifying the selection 
in a measurement command. All means described are 
preferably embodied as software programs executable 
in the processing unit. Measurements initiated by the 
proposed device can be perfonned faster and more re- 

20 liable, especially if the handover decision has to be per- 
formed in a limited time. The device can be used in the 
above embodiments of the proposed method. 
[0030] A preferable control device has means for se- 
lecting at least one of the cells for the measurements 

25 and specifying the selected cells in a measurement 
command. The selection can be perfonned for example 
according to the measurement results or to specifica- 
tions by an operator which can be stored in a list in the 
control device. 

30 [0031] In an advantageous embodiment, the classifi- 
cation comprises a check whether the measurements 
are performed on cells corresponding to at least two dif- 
ferent specifications or frequency bands. Preferably, a 
handover Is classified only as urgent if one of these pre- 
ss conditions is fulfilled. 

[0032] It is furthemnore proposed that the control de- 
vice transmits parameters for an adjustment of meas- 
ured quantities to the temninal, especially offset values 
for measured quantities. The parameters can be trans- 
40 nnitted in a measurement command. 

[0033] A temninal for a mobile communication system 
has a reception unit, e.g. a transceiver, for receiving and 
separating radio channels. The channels are for exam- 
ple transmitted on different frequency bands in an FD- 
45 MA system or separated by different codes in a CDMA 
system. A measurement unit in the temninal can meas- 
ure quantities of a received channel which indicate the 
quality of the respective cell. Measurements are per- 
formed on channels identified in a measurement set in 
50 a memory of the terminal. A controller, e.g. a central 
processing unit of the terminal, initiates measurements 
on the channels identified in the measurement set. The 
measured results can be evaluated in a handover pro- 
cedure. Preferably, they are transmitted for this purpose 
55 to a control node in the system. According to the inven- 
tion, the controller is provided with a classification, 
whether the handover procedure is urgent. In case of 
an urgent handover, the controller perfomns a selection 
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of the channels in the measurement set according to the 
classification. For example, the channels can be deleted 
from the measurement set in case of an urgent hando- 
ver while the measurement set remains unchanged 
else. The means for selecting the channels can for ex- 
ample be embodied as software program executed in 
the processor. The terminal can be used in the de- 
scribed method. 

[0034] Advantageously, the classification is per- 
fonned in the terminal, for example In the controller. It 
can be performed according to parameters in a com- 
mand from the system to execute measurements. The 
tenninal can then analyze the command to obtain the 
classification. Alternatively a control device in the sys- 
tem can classify the urgency of a handover and transmit 
the classification to the tenninal in a measurement com- 
mand. 

[0035] A preferable classification includes a check 
whether measured channels correspond to cells of at 
least two different specifications or frequency bands. 
[0036] Preferably, a tenninal includes a unit for deter- 
mining the load in a unit evaluating the measurement 
results, e.g. a measurement routine for the load in the 
central processing unit. The defined number of channels 
in the measurement set can then be chosen according 
to the determined load. In this way, varying measure- 
ment times and varying measurement precision due to 
different processor loads can be avoided. 
[0037] It is proposed that the selection of channels by 
the tenni nal is limited to channels which are i n a frequen- 
cy band in which the terminal presently has connections. 
In this way, ambiguities are avoided if a control device 
in the system specifies measurements on otherf requen- 
cy bands. 

[0038] In a preferable terminal, the memory includes 
a parameter for the adjustment of a measured quantity 

of a channel. It is proposed that the adjustment param- 
eter is an offset value for the measured quality of the 
assigned channel. 

[0039] Especially in a terminal for a CDMA system, 
measurements are often performed in a mode in which 
data transmissions of the terminal are suspended, e.g. 
in a compressed mode or a higher layer scheduling 
mode. Advantageously, the classification is perfomned 
when the terminal enters the mode in which data trans- 
missions of the terminal are suspended. 
[0040] A program unit according to the invention can 
be stored on a data carrier, for example a magnetic or 
optical recording medium, or it can be loadable into a 
device for a mobile communication system. Said device, 
e.g. a control node or a tenminal, controls measure- 
ments on selected cells, wherein the measured results 
are evaluated in the same or a different device of the 
system in a handover of a tenninal to a further connec- 
tion. The program unit performs a classification whether 
the execution of a handover procedure is urgent. If the 
handover is classified as urgent and the number of se- 
lected cells is larger than a predefined number, the unit 



initiates a reduction of the number of selected cells to 
the predefined number. Generally, the program unit is a 
part of the software for controlling the device. The unit 
can perform any steps of the methods described. 
5 [0041] The foregoing and other objects, features and 
advantages of the present invention will become more 
apparent in the following detailed description of pre- 
ferred embodiments as illustrated In the accompanying 
drawings. 

10 [0042] Brief description of the drawings 

Fig. 1 shows the cell coverage of a communication 

systems in the state of the art 
Fig. 2 shows a sequence of time multiplexed meas- 
15 urements in a temriinal 

Fig. 3 shows a flow chart of a method according to 
the invention wherein the classification of the 
urgency is perfonned In a terminal 
Fig. 4 shows an evaluation of measurement results 
20 for cells 

Fig. 5 shows a signaling sequence in a method ac- 
cording to the invention 
Fig. 6 shows a flow chart of a method according to 
the invention wherein the classification of the 
25 urgency is perfomned in a control node 

Detailed description of the Invention 

[0043] In figure 1 , the coverage area of a communl- 
30 cation system with different access networks AN1 , AN2 
is depicted. A first access network ANi comprises sev- 
eral base stations BS1, BS2, BS3 which provide con- 
nections to user equipment, e.g. one or more terminals 
UE. In the example, the access network ANI corre- 

35 spends to a wideband CDMA specification. The base 
stations are controlled by a control node, e.g. an RNC, 
which in turn provides connections to a core network 
(not indicated). Every base station BS provides connec- 
tions in three cells C, wherein neighboring cells gener- 

40 ally have an overlap region. In a wideband CDMA sys- 
tem, user equipment can have connections in more than 
one cell, e.g. if connections are not released in a soft or 
softer handover of a tenninal UE. In a soft handover, 
user equipment Is connected to different base stations 

45 while in a softer handover the user equipment has con- 
nections to different cells of a single base station. A ter- 
minal can be in soft and softer handover simultaneously. 
In the position shown, the terminal has preferably con- 
nections In the cells C 1.3. C2.2 and C3.1, i.e. these 

50 ' cells constitute the active set of the tenninal UE. 

[0044] The cells of the access network ANI overlap 
with the coverage area of a further access network AN2 
of a different specification and using a different frequen- 
cy band, e.g. an access network AN2 with base station 

55 subsystems according to GSM specif ications. The base 
station subsystenns can be connected to the same core 
network as the base stations BS1 , BS2, BS3 or a to dif- 
ferent one. The area of the further access network AN2 
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can also be subdivided into cells wliich are served by 
one. or more base transceiver stations. 
[0045] If the tenninal UE moves into a region where 
the first access network AN1 provides no coverage, it 
has to perform measurements on the further access net- 
work AN2 to avoid loosing all connections. l\/leasure- 
ments on the further access network AN2 can also be 
ordered by the communication system in case of a con- 
gestion in the first access network AN1 . The measure- 
ment results are evaluated in a decision whether an inter 
system handover between the access networks AN1 , 
AN2 or a handover between different cells within one of 
the access networks is to be performed. The cells which 
are evaluated in the measurements are denoted as the 
measurement set of the terminal UE. The measurement 
set can include cells accordingto different specifications 
and consists generally of the active set of the terminal 
and cells in the neighborhood of those in the active set, 
e.g. all the cells indicated in fig. 1 . 
[0046] An inter system handover must often be per- 
formed comparatively fast to avoid loosing all connec- 
tions because there is the risk that the terminal UE 
leaves the coverage area of access network AN1 before 
a connection in access network AN2 is established. A 
fast handover can also be necessary within an access 
network, for example if the cells C of the access network 
AN1 support connections on different frequency bands 
and an inter frequency handover is necessary to avoid 
loosing the connection. If a handover has to be per- 
formed fast and the measurement setof thetemriinal UE 
Is big, measurement reports can be erroneous. Limited 
hardware resources in the terminal UE and short meas- 
urement times do not allow to perform many precise 
measurements in parallel. Good cells in which a con- 
nection should be maintained or added in a handover 
can therefore be missed. 

[0047] Unless a terminal is equipped with different re- 
ceivers, measurements can only be performed In one 
frequency band at a time. This is shown in figure 2 
wherein the time axis is indicated at the bottom and dif- 
ferent hatchings correspond to different frequency 
bands. In a first frequency band, the Primary Common 
Pilot Channels (P CPICH) 1 - 4 of four cells in a CDMA 
system are transmitted. Generally, one or more cells 
corresponding to the channels 1 - 4 constitute the active 
set of the tenninal while the measurement set consists 
of all channels indicated. The quality of the channels 1 
- 4 can be measured simultaneously in a first interval of 
time with the receiver of the terminal tuned to the corre- 
sponding frequency band. With an increasing number 
of parallel measurements, the precision of the results 
decreases and a tenninal can evaluate only a limited 
number of cells simultaneously. If the tenninal in the ex- 
ample can measure the quality of four cells at the same 
time, additional cells in the same frequency band have 
to be measured in a later measurement interval. To Im- 
prove the precision, it can also be advantageous, to 
measure the quality of the P CPI channels 1 - 4 in more 



than one measurement interval. 
[0048] In a second frequency band, the P CPI chan- 
nels 5 - 7 of three further CDMA cells are transmitted 
which must be evaluated In a later interval of time as the 

5 receiver has to switch to the conresponding frequency 
band before. Cells transmitting in still further frequency 
bands require a dedicated interval for the measurement 
in every corresponding band. Therefore, the quality of 
beacon frequencies 8, 9 corresponding to two different 

10 GSM cells has to be measured in respective intervals 
after the measurement on the CDMA cells is finished. If 
the tenninal has a single receiver, measurements on the 
channels 5-9 can only be performed in intervals of time 
in which the transmission of user data, e.g. on a speech 

15 or data connection, is suspended. Measurements on a 
big set of cells transmitting on several different frequen- 
cy bands can correspondingly require a long time in 
which connections of the tenninal to the system may be 
lost before a handover can be executed. The frequency 

20 bands for the measurements and the intervals of time 
for every band are generally determined by a control 
node the communication system which transmits for ex- 
ample a number of frames and timeslots per frame to 
be used for the measurements in a band to the tenninal. 

25 Measurements do not need to be performed continu- 
ously, i.e. every frame. 

[0049] A flow chart of an improved method in a hando- 
ver process is depicted In figure 3. The steps of the flow 
chart are performed In a tenninal according to the inven- 

30 tion, preferably as software executed in a processor or 
processor system of the tenninal. In a first step 20, the 
terminal receives a measurement command from the 
access network to which it is presently connected. In the 
command, the access network orders the tenninal to 

35 perfonm measurements on at least one frequency band 
different from the band in which the tenninal presently 
has connections. These measurements can be interfre- 
quency or inter system measurements. Unless the ter- 
minal is equipped with two or more receivers, a terminal 

40 in a CDMA system generally switches into a com- 
pressed mode or another mode with suspended data 
transmission to perfonn the measurements. 
[0050] The tenninal perfonns a classification 22 
whether the measurement command con-esponds to an 

45 urgent handover decision. For this purpose, parameter 
settings in the command are evaluated, e.g. parameter 
settings for a compressed mode. For the classification 
22, the terminal can comprise a table which indicates 
those parameter settings which correspond to an urgent 

50 handover. It is possible that different kinds of urgent de- 
cisions are specified in the table which is for example 
stored in the SIM (Subscriber Identity Module) of the ter- 
minal. If the handover is not classified as urgent, meas- 
urements are performed on the whole measurement set 

55 of the terminal including those cells specified in the 
measurement command received in step 20. The re- 
sults are finally reported to the access network in report- 
ing step 26. 
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[0051] If a handover is classified as urgent, the 
present processor load of the terminal Is detennined in 
step 28. The number of channels in the measurements 
are preferably adapted to the present load of the proc- 
essor which indicates on how many channels measure- 
ments can be perfonfned in parallel with sufficient preci- 
sion. A processor load indicator can be Implemented as 
a process which interrogates the present load of the 
central processor in the tenminal and optionally calcu- 
lates the average time necessary to get a response. The 
load can also be indicated as a percentage of the proc- 
essor capacity presently allocated to other processes, 
i.e. a value from the interval [0,1]. Preferably, the proc- 
essor load is determined and updated regularly so that 
step 28 can be limited to a query of the present value. 
[0052] In setting step 30, the defined number of cells 
in the measurement set for the urgent handover is de- 
tennined. It is possible that different defined numbers 
correspond to different classifications of urgency in step 
22. Furthermore, the processor load Is considered in 
setting the defined number which is preferably reduced 
in case of a high processor load. For example, the ter- 
minal can Iceep only the active set of cells In the meas- 
urement set for an urgent handover with a high proces- 
sor load and one or more additional cells in case of a 
lower processor load. Further parameters for setting the 
defined number are also possible, e.g. the defined 
number can be increased if cells in the same frequency 
band can be measured simultaneously. It is conceivable 
that instead of an explicitly defined number an Indicator 
implicitly defines the number, e.g. an indicator can spec- 
ify that the defined number is equal to the number of 
ceils in the active set of the terminal, instead of the total 
number of cells In the measurement set, the number of 
cells In the present frequency band of the tenninal could 
be indicated, especially if only cells in this band are se- 
lected by the terminal. 

[0053] In selection 32, the defined number of cells is 
selected for the measurement set. A selection is prefer- 
ably only perfonned for cells in the frequency band in 
which the temninal has present connections to avoid dif- 
ferences to a list of cells for other frequency bands which 
can be specified in command 20. A simple selection Is 
that only the active set of cells is kept in the measure- 
ment set in addition to cells on other frequency bands 
specified by the access network in command 20. For the 
selection 32, preferably the quality of cells is considered 
which is stored from previous measurements. In addi- 
tion, offset values for the cells can be considered. The 
offset values can be transmitted from the access net- 
work in measurement command 20 or another mes- 
sage. Preferably, the cells for which the quality adjusted 
by the offset value is highest are selected for the meas- 
urement set. 

[0054] For the selected measurement set, a measure- 
ment 34 of the cell quality is perfomned. Due to the re- 
duced measurement set, the precision of the measure- 
ments is generally improved. Finally, the results are 



transmitted in step 26 to the access network for further 
evaluation in a handover procedure. 
[0055] The evaluation of measurement results by a 
terminal is described with respect to figure 4. Measured 
5 qualities of the Primary Common Pilot Channels (P 
CPICH) 11 - 13 of different cells are indicated for a pe- 
riod of time. Suitable quantities for the evaluation of the 
quality of a cell are, for example, the path loss, the signal 
to Interference ratio or the bit error rate (BER) or, espe- 
10 cially in CDMA systems, the chip energy per total re- 
ceived channel power density Ec/Iq or the received sig- 
nal code power (RSCP). Combinations of different 
quantities are possible. The importance of cells can be 
signaled from the network by an offset value. In the ex- 
15 ample, the measured quantity for P CPICH 1 3 is adjust- 
ed by a positive offset OFF which is added to the meas- 
ured value, I.e. the cell appears better than it actually is 
as indicated by the line DL. It is also possible to use a 
negative offset to reduce the probability of a handover 
20 to the corresponding cell. Reasons for using an offset 
can be for example load sharing between cells or a dif- 
fering importance of cells due to coverage reasons. 
[0056] A tenninal can be notified by a message from 
the access network to which it is presently connected 
25 upon whteh reporting events RE the measurements 
shall be reported to the access network. Different pos- 
sible reporting events RE are described in 3GPP Tech- 
nical Specifteatlon 25.331 . Examples for common re- 
porting events are that the quality of a channel enters 
30 or leaves the reporting range RR of the tenninal which 
is a negative offset to the strongest channel In the 
present measurement as indicated by the broken line 
BL in figure 4. The reporting range can be specified and 
changed by commands from the access network. In the 
35 example, measurement reports from the terminal to the 
access network are triggered by the reporting events 
RE1 , RE2 because the measured quality of P CPICH 
13 adjusted by the offset OFF leaves and enters the re- 
porting range, i.e. the lines DL and BL intersect. Af urther 
40 reporting event can be the intersection of the adjusted 
P CPICH 13 as indicated by line DL and P CPICH 11 if 
this condition is defined as a measurement reporting 
event by a control message from the access network. 
[0057] On the basis of these measurements, the ter- 
45 rninal can decide, e.g. in the above selection 32, on 
which cells In the current frequency band measure- 
ments are perfonned in case of an urgent handover. If 
channels for the measurement set are selected at a time 
TS and the defined number of cells in the present fre- 
50 quency band is one, preferably P CPl channel 12 is se- 
lected which has the highest quality. If the defined 
number of cells in the set is two, P CPICH 13 is prefer- 
ably selected in addition because the quality adjusted 
by the offset OFF is higher than the quality of P CPICH 
55 11 . In many practical cases, the number of cells in the 
measurement set will be significantly higher so that the 
selection provides a considerable reduction of the 
number of cells in the measurement set. 
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[0058] Fig. 5 shows an exemplary signaling sequence 
for«a terminal UE which is connected to the access net- 
work AN of a CDMA system. From the access network 
AN, e.g. initiated by an RNC in access network AN, a 
cornmand 40 Is sent to the terminal UE with a request 
to the UE to perfomi measurements including cells in a 
GSM system. In command 40, different parameter set- 
tings are possible which specify for example the time 
which is dedicated to measurements in different fre- 
quency bands. It is possible to reserve parameter set- 
tings which specify that a handover is urgent. Alterna- 
tively, the tenninal UE considers all commands 40 with 
parameter settings specifying measurement times 
above a defined time limit as urgent. 
[0059] The following evaluation and measuring se- 
quence 42 Is for example perfomned as described with 
respect to figure 3. The terminal UE first detennines 
from the parameters in command 40 whether a hando- 
ver is urgent. When the handover is not urgent, meas- 
urements are perfonned in sequence 42 on all cells in 
the present measurement set. The parameter setting 
can, however, indicate that a handover is urgent. For 
example, command 40 can be sent because the access 
networic AN is highly loaded to achieve a fast load re- 
duction by a handover and avoid a congested situation. 
If a handover is urgent and the present measurement 
set is larger than the number of cells which are to be 
evaluated in an urgent handover, the measurement set 
is reduced and measurements are only performed on 
the reduced set. In the example, cells can be removed 
especially in the present frequency band In which no 
handover is possible due to the highly loaded situation. 
This allows precise and quick measurements on the 
GSM system. 

[0060] Results of the measurements are reported to 
the access network AN in a message 44 which includes 
both results on the quality of GSM and CDMA cells. 
Then, a decision 46 is perfomned in the access network 
AN, e.g. in an RNC, on the basis of the measurement 
results whether a handover can be performed, in the ex- 
ample to avoid a congested situation. If the result of de- 
cision 46 is to perfomn a handover, a message 48 is sent 
to the terminal to request the handover, i.e. an inter sys- 
tem handover in the example. The handover sequences 
50, 52 in the terminal UE and in the access network AN 
can be executed as it is known in the state of the art. 
[0061] Figure 6 shows an embodiment of the method 
wherein the classification whether a handover is urgent 
is perfonned in a node in the access network, e.g. in an 
RNC. In a first step 60, a decision is perfomned that a 
terminal shall make measurements to evaluate the qual- 
ity of cells for a handover. After the decision, a classifi- 
cation 62 is performed whether the execution of a 
handover is urgent. A handover can for example be clas- 
sified as urgent if fomner measurements by the tenminal 
indicate only few cells with sufficient quality for a hando- 
ver, if the tenninal is located in a cell at the edge of the 
coverage area of the access network or if measure- 



ments indicate that a congested situation in the access 
network is possible. 

[0062] In selection 64, suitable cells for measure- 
ments are selected by the access network In frequency 

5 bands in which the tenninal presently has no connec- 
tions. According to the classification 62, a further selec- 
tion 66 is perfonned which number of cells shall be eval- 
uated in the present frequency band of the terminal. In- 
stead of the number, the identity of the cells for meas- 

10 urements in the present frequency band can be speci- 
fied in selection 66. The sequence of selections 64, 66 
could also be reversed or both performed simultaneous- 
ly. The results of the selections 64, 66 and the measure- 
ment time in every frequency band are specified in a 

15 measurement command 68 to the terminal. The terminal 
selects the measurement set according to the command 
68, perfonns the measurements and reports the results 
to the access network, which waits for the results in step 
70 and performs the handover decision 72 according to 

20 them . It is possible that a tenninal can modify the select- 
ed number of cells, e.g. according to the present proc- 
essor load. 

[0063] The above embodiments admirably achieve 
the objects of the invention. However. It will be appreci- 
25 ated that departures can be made by those skilled in the 
art without departing from the scope of the invention 
which is limited only by the claims. 



30 Claims 

1. Method for the handover of a terminal In a cellular 
communication system with base stations for pro- 
viding connections to terminals in at least one cell 

35 (C) served by the base station, wherein a terminal 
(UE) has a memory for identifying a measurement 
set of cells and measures quantities of the cells (C) 
identified in the measurement set, and wherein the 
decision (46, 72) of a handover of a terminal (UE) 

40 to a further connection is executed according to the 
measured quantities, characterized in that 

a classification (22, 62) is perfonned whether 
the execution of a handover is urgent 
45 and the number of cells (C) identified in the 

measurement set is reduced to a defined 
number if the handover is classified as urgent 
and the number of cells (C) identified is larger 
than the defined number. 

50 

2. Method according to claim 1 , wherein the classifi- 
cation (22, 62) includes a check whether the cells 
(C) evaluated correspond to at least two different 
specifications or frequency bands. 

55 

3. Method according to claim 1 or 2, wherein the sys- 
tem sends a command to the tenninal (UE) to per- 
form measurements and the classification (22) is 
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in the conn- 



4. Method according to any preceding claim, wherein 
a control node In the communication system selects 
cells (C) In the measurement set and the selection 
is transmitted from the control node to the tenminal 
(UE). 

5. Method according to any of the preceding claims, 
wherein the terminal (UE) selects cells (C) in the 
measurement set. 

6. Method according to claim 5, wherein the temnlnal 
(UE) selects those cells (C) in the measurement set 
for which measurements are perfonned In a fre- 
quency band in which the tenminal (UE) has present 

connections. 
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7. Method according to any preceding claim, wherein 
a terminal (UE) is provided with parameters for an 
adjustment of measured quantities. 

8. Method according to any preceding claim, wherein 
a tenninal (UE) suspends transmission of user data 
for the measurement time. 

9. Method according to claim 8, wherein the classifi- 
cation (22) is performed when thetemninal (UE) en- 
ters a mode of operation with suspended data trans- 
mission. 

10. Method according to any of the preceding claims, 
wherein the load in a processing unit evaluating 
measured quantities is determined and the defined 
number of cells (C) in the measurement set Is cho- 
sen according to the determined load. 

11 . Control device for a mobile communication system, 
said device including at least one interface for con- 
nection to mobile temriinals and a processing unit to 
Initiate the handover of a terminal (UE) from a first 
connection to a further connection, wherein com- 
mands to control measurements by a mobile temnl- 
nal (U E) are sent from the processing unit over one 
of said interfaces and results of said measurements 
are received over one of said interfaces, wherein 
the processing unit initiates a handover according 
to the results, characterized in that 

the processing unit has means for perfomriing 
a classification (62) of the urgency of a hando- 
ver, 

the processing unit has means for selecting the 
number of measurements according to said 

classification (62), 

and the processing unit has means for setting 
a parameter specifying the selection in a meas- 
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12. Control device according to claim 11 , wherein the 
control device specifies cells (C) for the measure- 
ments In a measurement command. 

13. Control device according to claim 11 or 12, wherein 
the control device is a controller of a base station. 

14. Control device according to any of the claims 11 to 

13, wherein the classification (62) comprises a 
check whether measurements are performed on 
cells (C) corresponding to at least two different 
specifications or frequency bands. 

15. Control device according to any of the claims 11 to 

1 4, wherein the control device specifies parameters 
for an adjustment of measured quantities to the ter- 
minal in a measurement command. 

16. Temnlnal for a mobile communication system, said 
terminal (UE) including a reception unit for receiving 
and separating radio channels, a measurement unit 
for measuring quantities of a received channel, a 
memory for Identifying a measurement set of chan- 
nels and a controller for initiating measurements on 
the channels In the measurement set, wherein the 
measured results are evaluated In a handover pro- 
cedure, characterized in that 

the controller is provided with a classification 
(22, 62) whether the handover procedure is ur- 
gent, 

and the controller has means to perfomn a se- 
lection of the channels in the measurement set 
according to the classification (22, 62). 



17. Terminal according to claim 16, wherein the classi- 
fication (22, 62) includes a check whether meas- 
40 ured channels correspond to cells (C) of at least two 
different specifications or frequency bands. 

IB. Tenninal according to claim 16 or 17, wherein the 
controller performs the classification (22). 
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19. Tenninal according to claim 18, wherein the classi- 
fication (22) is performed according to parameters 
in a command from the system to execute meas- 
urements. 

20. Tenninal according to claim 18 or 19, wherein the 
terminal (UE) includes a unit for detemnining the 
load in a unit evaluating the measurement results 
and the defined number of channels in the meas- 
urement set is chosen according to the determined 
load. 

21. Tenninal according to any of the claims 16 to 20, 
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wherein the selection is performed for channels In 
• a frequency band in which the terminal (UE) has 
present connections. 

22. Terminal according to any of the claims 1 6 to 21 , s 
wherein the memory includes a parameter for the 
adjustment of a measured quantity of a channel. 

23. Tenminal according to claim 22, wherein the adjust- 
ment parameter is an offset value for the assigned io 

channel. 

24. Tenninal according to any of the claims 16 to 23, 
wherein the terminal (UE) has a mode of operation 

in which data transmissions are suspended and is 
wherein measurements are performed in this mode. 

25. Tenninal according to claim 24, wherein the classi- 
fication (22) is performed when the terminal (UE) 
enters a mode in which data transmissions are sus- 20 
pended. 

26. Program unit on a data carrier or loadable into a de- 
vice for a mobile communication system, wherein 
said device controls measurements on selected 25 
cells (C) and the measured results are evaluated In 

a handover of a temiinal (UE) to a further connec- 
tion, characterized in that 

the program unit performs a classification (22, 30 
62) whether the execution of a handover pro- 
cedure is urgent 

and the program unit initiates a reduction of the 
number of selected cells (C) if the handover is 
classified as urgent and the number of selected 35 
cells (C) is larger than a predefined number. 

27. Program unit according to claim 26, wherein the 
program unit perf ornis at least one step of a method 
according to any of the claims 1 to 1 0. 40 
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